Objective: To investigate the relationship of subclinical atherosclerotic cardiovascular disease (CVD) and its risk factors with age-related macular degeneration (AMD) in the Multiethnic Study of Atherosclerosis.
D
ESPITE NEW MEDICAL AND surgical interventions, age-related macular degeneration (AMD) remains an important cause of vision loss in the United States. 1 Its pathogenesis remains poorly understood. 2, 3 Atherosclerosis has long been postulated to be associated with late stages of AMD through its effect on the choroidal circulation and possible deposition of lipids in the Bruch membrane. [4] [5] [6] [7] [8] However, the associations of atherosclerotic cardiovascular disease (CVD) and its risk factors (eg, high blood pressure or high serum lipid levels) with the development of AMD have been inconsistent. 9 Data from most population-based studies have not shown associations of clinical atherosclerotic CVD, as manifested by myocardial infarction or stroke, with AMD. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Furthermore, high serum lipid levels and the use of lipid-lowering agents have not been consistently associated with the presence or absence of AMD. [20] [21] [22] [23] [24] [25] Few reports are available regarding the relation of signs of subclinical CVD with AMD. 13, 19, 26 Data from the Rotterdam Eye Study showed that persons with subclinical CVD, as manifested by carotid artery plaques, were nearly 5 times as likely to have late AMD compared with those without such plaques. 13 In addition, greater intima-media thickness (IMT) of the carotid artery and the presence of aortic calcification, both of which are measures of subclinical atherosclerosis, were also found to be associated with increased risk of incident AMD. 13 Higher pulse pressure, a measure of decreased arterial distensibility that results from higher systolic and lower diastolic blood pressure, has been found to predict the incidence of exudative AMD in another populationbased cohort. 27 This has not been found in other studies.
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The purpose of this report is to evaluate the association of subclinical atherosclerotic CVD, serum lipid levels and lipid-lowering agents, and measures of arterial distensibility with AMD in the persons who participated in the large Multiethnic Study of Atherosclerosis (MESA). We hypothesized that these characteristics would be associated with early AMD in the cohort. We did not hypothesize any specific racial/ethnic differences for specific factors, although we thought that we might find some (eg, higher frequency of subclinical atherosclerosis and CVD risk factors in white individuals than in black individuals might result in higher frequency of early AMD in white individuals compared with black individuals).
FUNDUS PHOTOGRAPHY
Fundus photography was performed using a standardized protocol that has been described in detail elsewhere. 29, 30 In brief, both eyes of each participant were photographed in a similar fashion using a 45°6.3-megapixel digital nonmydriatic camera (Canon USA, Lake Success, NY). Two photographic fields were taken of each eye; the first centered on the optic disc and the second centered on the fovea.
FUNDUS IMAGE GRADING
Images were assessed for AMD at the University of Wisconsin according to standardized protocols described in detail elsewhere. 31 In brief, among the AMD features evaluated within a circle with a radius of 3450 µm were drusen size, type, and area; increased retinal pigment; retinal pigment epithelial (RPE) depigmentation; pure geographic atrophy; and signs of exudative macular degeneration (eg, subretinal hemorrhage, subretinal fibrous scar, RPE detachment, and/or serous detachment of the sensory retina or laser or photodynamic treatment for neovascular AMD). For grading, a grid that consisted of 2 circles concentric with the center of the macula and 4 radial lines was superimposed over the image.
Graders were masked with respect to information about the participant. Each image was graded twice (a preliminary and a detail grade) using a modification of the Wisconsin AgeRelated Maculopathy Grading System. 29, 31 Every digitized image was graded using the full complement of image enhancement tools (eg, magnification, contrast enhancement, lightening, and red free [Digital Healthcare Image Management Systems, Cambridge, England]) according to preset protocols. However, final scoring of an AMD lesion required its appearance on the nonenhanced image. For the purposes of this report, data from 5887 (98.9%) of the 6176 participants photographed, those in whom at least 1 eye could be evaluated for AMD, are included in the analyses.
DEFINITIONS OF VARIABLES
Soft distinct drusen were defined by size (between 63 and 300 µm in diameter) and appearance (sharp margins and a round nodular appearance with a uniform density [color] from center to periphery). Soft indistinct drusen were the same size as the soft distinct drusen but had indistinct margins and a softer, less solid appearance. Increased retinal pigment appears as a deposition of granules or clumps of gray or black pigment in or beneath the retina. Retinal pigment epithelium depigmentation is characterized by faint grayish yellow or pinkish yellow areas of varying density and configuration without sharply defined borders. Early AMD was defined by the presence of either soft drusen (distinct or indistinct) and pigmentary abnormalities (increased retinal pigment or RPE depigmentation) or large soft drusen 125 µm or greater in diameter with a large drusen area (Ͼ500 µm in diameter circle) or large soft instinct drusen Ն125 µm in diameter in the absence of signs of late AMD. Late AMD was defined by the presence of any of the following: geographic atrophy or pigment epithelial detachment, subretinal hemorrhage or visible subretinal new vessels, subretinal fibrous scar, or laser treatment scar for AMD.
SYSTEMIC CHARACTERISTICS
All systemic characteristics were determined at the baseline visit with an average of approximately 2 years between visits. Anklebrachial index (ABI), a measure of peripheral atherosclerosis, was determined by measuring blood pressure with a Doppler probe in the brachial, dorsalis pedis, and posterior tibial arteries. 32 The ABI, a ratio of ankle to brachial blood pressure, was computed separately for each leg, with the numerator the higher of the posterior tibial or dorsalis pedis systolic pressures and the denominator the average of the right and left brachial systolic pressures. It was defined as abnormal if the ABI was less than 0.9 on either side. Ultrasound imaging of the carotid arteries was performed using a scanner (General Electric Medical Systems, Milwaukee, Wis). Videotaped scans were interpreted centrally. Stenosis was estimated from Doppler recordings of peak systolic velocities and analyzed categorically. The IMT was measured between the lumen-intima and mediaadventitia interfaces of the near and far walls of the common carotid artery (the 1-cm segment proximal to the bifurcation) and the internal carotid artery (including the bifurcation and 1 cm distal to the bifurcation). A maximum IMT for each of these 2 segments was standardized (by subtraction of the MESA population mean and division by its standard deviation), and the mean of the standardized IMT for the common and the internal carotid maxima was used in the analysis. A previous study 33 with the same protocol showed this standardized index to be more closely associated with incident coronary heart disease than alternative IMT indices. Minimal and moderate subclinical atherosclerotic CVD was defined by baseline values of the IMT index of less than or greater than the sex-specific 75th percentile values, respectively, with no abnormal ABI and no carotid stenosis exceeding 50%. The presence of abnormal ABI or carotid stenosis greater than 50% was classified as more severe disease. Plaques were classified by their sonographic density relative to the surrounding arterial wall as echolucent, isodense, or echogenic (including calcified when acoustic shadowing was observed). 34 Persons with more than 1 plaque were characterized by the plaque of greatest density. Computed tomographic scanning of the chest was performed either with an electrocardiograph-triggered (at 80% of the RR interval) electronbeam computed tomography scanner (Chicago, Los Angeles, and New York field centers; Imatron C-150, Imatron, San Francisco, Calif ) 35 or with prospectively electrocardiographtriggered scan acquisition at 50% of the RR interval with a multidetector computed tomography system 35 that acquired 4 simultaneous 2.5-mm slices for each cardiac cycle in a sequential or axial scan mode (Baltimore, Forsyth County, and St Paul field centers; Volume Zoom; Siemens, Forchheim, Germany, or Lightspeed, General Electric Medical Systems). Each participant underwent scanning twice. Scans were read centrally at the Harbor-University of California, Los Angeles, Research and Education Institute to identify and quantify coronary calcification. Agatston calcium scores among scanning centers and among participants were adjusted with a standard calcium phantom scanned simultaneously with the participant. The average Agatston calcium score was used in all analyses. 35 More than 50% of the population had a score equal to 0. In persons whose score was greater than 0, we arbitrarily chose to break these data into tertiles so that we had a total of 4 categories. We also investigated the Agatston calcium score as a continuous variable by looking at the log calcium score and including an indicator variable for whether the score was greater than 0 in the models.
Common carotid arterial distensibility was assessed as a ratio of diameter change over the cardiac cycle to brachial artery pulse pressure:
The Young modulus, an index of arterial stiffness, corrects for arterial dimensions by including a wall thickness term:
For each measure, D s is defined as systolic carotid artery diameter, D d as diastolic carotid diameter, D a as mean diameter, P s as systolic blood pressure, P d as diastolic blood pressure, and h as carotid IMT. 36 Stiffer arteries have low distensibility and high Young modulus values. The natural log of each index was approximately normally distributed and was used in analysis. Resting blood pressure was measured 3 times with participants in the seated position with a Dinamap model Pro 100 automated oscillometric sphygmomanometer (Critikon, Inc, Tampa, Fla). The average of the last 2 measurements was used in the analysis. The diagnosis of hypertension was based on selfreported treatment for hypertension with 1 of 6 common classes of antihypertensive medications or a systolic blood pressure of 140 mm Hg or higher or a diastolic blood pressure of 90 mm Hg or higher. Pulse pressure was defined as systolic minus diastolic blood pressure.
Fasting blood samples were drawn, processed, and stored using standardized procedures. 37 Serum total cholesterol, high-density lipoprotein cholesterol (HDL-C), and triglyceride levels were measured at the Collaborative Studies Clinical Laboratory at Fairview-University Medical Center (Minneapolis, Minn). Serum total cholesterol and HDL-C levels were measured using a cholesterol oxidase method (Roche Diagnostics, Indianapolis, Ind), the HDL-C level was measured after precipitation of non-HDL-C with magnesiumdextran, and triglyceride levels were measured using Triglyceride GB reagent (Roche Diagnostics). All lipid measurements were performed on the Roche COBAS FARA centrifugal analyzer. The laboratory analytical coefficients of variation for total cholesterol, HDL-C, and triglyceride levels were 1.6%, 2.9%, and 4.0%, respectively. The low-density lipoprotein cholesterol (LDL-C) level was calculated in plasma specimens with a triglyceride value less than 400 mg/dL using the formula of Friedenwald et al. 38 Levels of oxidized LDL-C were measured in Leuven, Belgium, with a monoclonal antibody 4E6-based competition enzyme-linked immunosorbent assay. [39] [40] [41] Standardized questionnaires were used to obtain information about level of education, annual household income, smoking history, and medication use for high blood pressure, high cholesterol level, or diabetes. Participants who had smoked in the last 30 days were considered current smokers. Diabetes was classified on the basis of a fasting glucose level of 126 mg/dL (7 mmol/L) or higher, use of insulin or oral diabetes medications, or history of physician-diagnosed diabetes. Height and weight were measured with participants wearing light clothing and no shoes. Body mass index was calculated as weight in kilograms divided by the square of height in meters. Statin and antihypertensive medication use was based on self-report. Education was defined in 5 categories: less than high school, high school, some college (includes technical and associate's degrees), bachelor's degree, and graduate school.
STATISTICAL ANALYSIS
Logistic regression was used to predict AMD outcomes. Each atherosclerotic characteristic was entered into a separate model while adjusting for age (in 4 groups: 44-54, 55-64, 65-74, and 75-84 years), sex, racial/ethnic group, and study site. Odds ratios (ORs) for continuous variables are presented per standard deviation increase. Several of the variables (eg, the Young modulus) were log transformed to minimize skewness in the data. Tests of trend were performed by including the categorical variable as a continuous ordered factor in the logistic regression models. Interactions between adjustment variables (eg, race) and risk factors were tested by including an interaction term in the logistic regression models. Models in which a significant relation was found were additionally adjusted for educational level, smoking status, alcohol use, diabetes status, and body mass index to examine if the risk factor was independent of these other potentially confounding variables. We used SAS statistical software, version 9.1 (SAS Institute Inc, Cary, NC) for all analyses.
RESULTS
Those who participated in the follow-up examination and had fundus digital images gradable for AMD were younger than those who did not ( Table 1) . After we controlled for age and sex, participants at the second examination with gradable fundus photographs were more likely to be white. After we controlled for age and race/ethnicity, they were more likely to be male, and after we controlled for age, sex, and race/ethnicity, they were more likely to have more education, to not have carotid stenosis on ultrasound, and to have an Agatston score of 0 and were less likely to have a history of diabetes, to have ever smoked, to be using diuretics, to have an abnormal ABI, to have subclinical atherosclerotic CVD, to have a lower pulse pressure, and to have a smaller carotid IMT than those without gradable fundus digital images at the second examination (Table 1) . Early AMD was present in 3.8%, late AMD in 0.5%, large drusen in 9%, and soft drusen in 15% of the cohort. The prevalence of early AMD was 4.8%, 2.1%, 4.0%, and 3.6% and the prevalence of late AMD was 0.6%, 0.3%, 0.2%, and 1.0% in white, black, Hispanic, and Chinese participants, respectively. Table 2 provides the ORs, 95% confidence intervals (CIs), and P values for the relationship between early AMD and CVD risk factors and measures of subclinical CVD after controlling for age, sex, race/ethnicity, and study site. Only 2 statistically significant associations between factors studied and early AMD were found in the whole cohort: a positive association of serum HDL-C level and an inverse association of echolucent plaque density with early AMD (Table 2 ). Increasing levels of serum HDL-C were related to the presence of large retinal drusen, soft drusen, and large drusen area ( Table 3) . The presence of echolucent carotid artery plaques was related to lower odds of large drusen and soft drusen. Other relationships with specific early AMD lesions are presented in Table 3 and include an inverse association of statin use with large drusen and large drusen area, an inverse association of serum triglyceride levels with large drusen area, and more severe Agatston calcium score with soft drusen. None of the risk factors were associated with increased retinal pigment or RPE depigmentation.
ASSOCIATIONS
In models for early AMD, statistically significant interactions were found between race/ethnicity and mean IMT, subclinical atherosclerotic CVD, increasing severity of maximum carotid artery stenosis, and Agatston calcium score (Figure) . Greater mean IMT was directly associated with early AMD in white participants (OR per 0.83 [1 SD] µm, 1.23; 95% CI, 1.03-1.48; P=.02) and black participants (OR, 1.53; 95% CI, 1.13-2.06; P = .006) but inversely associated in Hispanic participants (OR, 0.44; 95% CI, 0.28-0.69; PϽ.001). These associations of early AMD and IMT were similar for the internal and common carotid arteries (data not shown). For increasing severity of maximum carotid stenosis graded, decreased odds were found for early AMD in Hispanic participants (OR per increasing category increase, 0.39; 95% CI, 0.23-0.66; PϽ.001), but no association was found in the other 3 ethnic groups (Figure) . Similarly, more severe subclinical atherosclerotic CVD was associated with increasing odds of early AMD in black participants (OR, 1.95; 95% CI, 1.17-3.23; P =.01) and decreasing odds in Hispanic participants (OR, 0.39; 95% CI, 0.19-0.81; P=.01). Also, for increasing Agatston calcium score, higher odds for early AMD were found in white participants (OR per increasing category, 1.22; 95% CI, 1.01-1.47; P=.04) and nonsignificant decreasing ORs for the other racial/ ethnic groups (P value for interaction=.02). A higher serum triglyceride level was not statistically significantly associated with early AMD in white participants (OR per 88 mg/dL, 1.07; 95% CI, 0.91-1.27; P =.43) but was protective in Chinese (OR, 0.43; 95% CI, 0.20-0.91; P=.03) and Hispanic (OR, 0.69; 95% CI, 0.47-1.01; P =.06) participants. These associations were mainly due to relationships with large soft drusen (data not shown). No other statistically significant interactions were found among racial/ethnic groups for echogenic plaque, HDL-C level, and other risk factors and early AMD (data not shown).
Interactions were examined for smoking, hypertension status, and diabetes status for the risk factors and early AMD. Only 2 statistically significant factors were found. Statin use in those without hypertension was associated with a lower odds of early AMD (OR, 0.37; 95% CI, 0.16-0.86), whereas in those with hypertension, no association was found (OR, 1.02; 95% CI, 0.63-1.64; P for interaction=.047). Calcium channel blocker use in those with diabetes was associated with higher odds of early AMD (OR, 3.86; 95% CI, 1.53-9.70), whereas in those without diabetes, no association was found (OR, 0.70; 95% CI, 0.34-1.41).
After further multivariate analyses controlling for education level, smoking status, alcohol use, diabetes status, and body mass index, all associations described herein remained statistically significant at PϽ.05 except for the association between increasing levels of HDL-C and early Abbreviations: ABI, ankle-brachial index (defined as ankle-brachial index Ͻ0.9); AMD, age-related macular degeneration; HDL-C, high-density lipoprotein cholesterol; IMT, intima-media thickness; LDL-C, low-density lipoprotein cholesterol; NA, not applicable; RPE, retinal pigment epithelium (variance is due to the number measured; of the 927, no images were taken in 638 [did not participate in 2002-2004 follow-up examination] and images were not gradable in 289 of those who participated in follow-up).
SI conversions: To convert serum total cholesterol, HDL-C, LDL-C, and oxidized LDL-C to millimoles per liter, multiply by 0.0259; triglycerides to millimoles per liter, multiply by 0.0113.
*Those with images that were not gradable for age-related macular degeneration were participants of the Multi-Ethnic Study of Atherosclerosis (MESA) who attended visit 1 but either did not return for visit 2 or had ungradable fundus images at the MESA follow-up examination (2002) (2003) (2004) .
†P values are adjusted for age, sex, and race/ethnicity where appropriate. ‡Subclinical atherosclerosis score, early AMD, and late AMD definitions appear in the "Methods" section. §Calculated as weight in kilograms divided by the square of height in meters. AMD and between statin use and no large drusen or reduced larger drusen area; these associations were attenuated and of borderline statistical significance (.05ϽPϽ.10) (data not shown). The same factors were examined in relation to late AMD, but with only 27 affected persons, none of the associations was statistically significant (data not shown).
COMMENT
The MESA study provides data on the nature and extent of early AMD ascertained in 6 communities nationwide in 4 racial/ethnic groups in a cohort of persons 44 to 84 years of age without clinical CVD at study entry. Standardized procedures were used for measuring subclinical atherosclerotic CVD and its risk factors and for grading AMD lesions obtained from digital color fundus images of the macula. Data from this study showed few relationships of serum lipid levels and subclinical CVD with early AMD in the whole cohort. However, on the basis of our previous findings of racial/ethnic variation in specific AMD lesions in this cohort, we investigated racial/ethnic group interactions and found differences in associations of early AMD with carotid IMT and other measures of subclinical atherosclerotic CVD. 30 Carotid IMT, abnormal ABI, and severity of subclinical atherosclerotic CVD were not found to be associated with early AMD in the whole MESA cohort. However, positive associations were found of the severity of IMT and early AMD in black participants and inverse associations in Hispanic participants, controlling for other risk factors. The reasons for these differences between black and Hispanic participants are not obvious, but these findings suggest that atherogenesis may be more important in the pathogenesis of early AMD in 1 racial/ethnic group (eg, black individuals and not in Hispanic or Chinese individuals). It is also unclear whether these associations are due to ethnic/racial difference in genotype frequency of AMD susceptibility genes or are chance findings. This is the first study, to our knowledge, to show a relationship of subclinical atherosclerotic CVD with AMD in black people. No association was found between early AMD and atherosclerotic risk factors (eg, serum total cholesterol and LDL-C levels) in black par- Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; IMT, intima-media thickness; LDL-C, low-density lipoprotein cholesterol; OR, odds ratio.
*Standard deviation of the composite carotid IMT variable.
ticipants in the National Health and Nutrition Examination Survey III and the Cardiovascular Health Study and with carotid IMT in the Atherosclerosis Risk in Communities study and the Cardiovascular Health Study. 18, 19, 42 Similar to most population-based studies, few associations were found of measures of atherosclerosis or lipids with early or late AMD among white participants in this cohort. 11, 12, [14] [15] [16] [17] 27 There was an inverse association of the presence of echolucent plaques and no relation of isodense or echogenic plaques with early AMD in the MESA cohort. These findings are contradictory to the relationship of higher risk of late AMD in the presence of carotid artery plaque in the Rotterdam Eye Study. 13 Echolucent plaques have lipid-filled, macrophage-rich cores with a thin fibrous caps, are vulnerable to rupture, and are predictive of cardiovascular events (eg, myocardial infarction). [42] [43] [44] The finding is consistent with the protective effect found in some epidemiological studies of higher levels of total serum cholesterol for a lower incidence of AMD. 12 In MESA, there was an association of higher serum HDL-C levels in the whole cohort with early AMD. In addition, a protective effect of higher serum triglyceride level was found in Chinese and Hispanic participants. These apparently unexpected findings are consistent with data from some, but not all, epidemiological studies. 11, 12, [14] [15] [16] [17] 27, 45 In the Beaver Dam Eye Study, a direct association was found between serum HDL-C level and the 10-year incidence of geographic atrophy. 27 Hyman et al 46 reported a significant positive association of serum HDL-C level (OR of highest-quintile vs lowest-quintile serum HDL-C level, 2.3; 95% CI, 1.1-4.7) with neovascular AMD. In the Rotterdam Eye Study, serum HDL-C level was directly associated with geographic atrophy (OR per micromoles per liter, 2.4; 95% CI, 1.0-5.6). 14 However, other studies 16, 18, 19, 47 have not found associations of serum HDL-C level with either early or late AMD. Heavy alcohol consumption raises the HDL-C level and is reportedly associated with the incidence of AMD. 47 In MESA, the association of serum HDL-C level with early AMD was attenuated while further controlling for history of alcohol consumption (OR, 1.16 per standard deviation increase; 95% CI, 0.98-1.37; P = .08).
Statins have been suggested to limit oxidative damage and endothelial dysfunction, factors thought to be involved in AMD. 22 In MESA, statin use was associated with lower frequency of large drusen and large drusen area. Although these findings are consistent with data from some case-control studies, [20] [21] [22] 24, 25, 48 they have not been found in most other epidemiological studies.
Although our study has many strengths (eg, standardized measurements of subclinical atherosclerosis, objective grading of AMD, and a multiethnic cohort), caution must be exercised when interpreting the findings for several reasons. We examined many variables, some of which had been identified in previous studies as associated with early AMD. The significance of any associations found may have been due to the large number of analyses and may have led to chance findings or type I error. For example, in this report, we assessed 20 study factors and constructed 20 logistic regression models to produce the findings presented in Table 2 and 120 logistic regression models (20 study factors multiplied by 6 different study outcomes) to produce the findings in Table 3 . With a type I error of 5%, we would expect to see 7 significant findings by chance. For this reason, caution must be observed in interpreting the reported significant associations. In addition, the power to analyze some relations was limited by the infrequency of early AMD (4%) and the risk factor under study (eg, abnormal ABI; prevalence, 4%). The cross-sectional nature of the study design limits the ability to determine what is antecedent and what is consequent. Another possible cause of concern is the possibility of misclassification of AMD status because of the use of minified 45°nonstereoscopic fundus images in the analyses compared with 30°stereoscopic images. However, we have no reason to believe that this will result in systemic biases in evaluating associations. The MESA cohort did not include people with clinical CVD, which might account for the differences found with earlier population-based studies in which more severe CVD was manifested (eg, plaque-AMD relationship reported in Rotterdam). Uncontrolled confounding may have resulted in the race/ethnicity interactions found. Finally, we cannot determine whether there were biases caused by nonparticipation or selective mortality that affected the relationships we investigated.
In summary, these data from MESA show few associations between subclinical atherosclerotic CVD and CVD risk factors (eg, hypertension or lipids) with early AMD at a given point within the whole cohort. However, with our earlier findings of differences in the prevalence of early AMD lesions among the 4 racial/ethnic groups, the finding of an association of early AMD with some signs of subclinical atherosclerotic CVD (eg, carotid IMT) that is different among the 4 racial/ethnic groups suggests that care must be taken in generalizing from one racial/ ethnic group to others regarding such relations. The observation of differences in associations between subclinical CVD and early AMD among the different racial/ ethnic groups warrants further investigation. Table 2 for the categories used for CVD severity, Agatston calcium score, and maximum carotid stenosis graded. 
